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PARAFFIN WAX AND ITS PROPERTIES; METHODS OF TESTING 
WAX AND OF ANALYZING OIL-WAX MIXTURES 


By L. D. Wyant ann L. G. Marsa 


INTRODUCTION 


Lubricating oil is one of the most important and essential prod- 
ucts of petroleum, as evidenced by the widespread use of petroleum 
lubricants in factories, machine shops, and powerhouses, and par- 
ticularly in motor cars and motor trucks. The total production of 
lubricating oil in the United States during 1923, very nearly 1,100,- 
000,000 gallons,’ shows how widespread is the use of this commodity. 

Lubricating oil of high quality can be made from almost any 
crude petroleum but because of differences in their chemical nature 
it is very much easier to make lubricating oils from some crudes 
than from others. To find out in detail why this is so the Bureau 
of Mines is making an intensive study of the whole subject of 
lubricating-oil and paraffin-wax manufacture. 

At least 75 per cent of the lubricating oil manufactured in the 
United States is made from crude oil that contains paraffin wax (so- 
called “ paraffin base” or “intermediate base” crude). This wax 
has a boiling range similar to that of the lubricants found in the 
crude, consequently the lubricating distillates obtained from these 
crudes contain wax that must be removed before satisfactory lubri- 
cants can be produced. The magnitude of the problem becomes evi- 
dent when statistics are studied. The amount of lubricating oil 
and paraffin wax produced in the United States in the last six years 
is listed in Table 1.2 


TaBLe 1.—Production of lubricating oil and paraffin war, 1918-1928 


Year Lubricating oi] Paraffin war 
Gallons Pounds 
DOB Pt stie acannon elt eee tat cas ahs eA ah Ahn ee men eee aaad 841, 465, 767 505, 144, 357 
1) 1 RS Nbc a co ates i te CIEL Mii gta ae RPL eT 846, 760, 017 467, 235, 223 
TF acta he ae, Daal ah ot pe, OE ade A al eel eee 1, 046, 70%, 349 541, 404, 537 
UDA occas 8 te EGA Se gle ctr anette ee Are Lee Wales 877, 859, O74 433, 887, 214 
Vie es at te anlata wl Bisel ea Nomis We Matera indion Mitacly wUO ert Coie . 978, 752, 469 462, 003, 179 
MUDD SaaS crete cece Eee tatiana etadee nares bs nies nies sa Sle sentinel Landen 1, 097, 368, 222 466, 646, 551 
MOAN ee tila elute alee We oe 5 crores oo ahs os as ea ae 5, 687, 913, 898 | 2, 876, 321, 061 


a Nee a ey 


Hill, W. C., Petroleum refinery statistics for 1923: Bureau of Mines, 1924, p. 31, 
"Hill, W. C., work cited, pp. 29-31. ; 
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2° PARAFFIN WAX 


Separation of wax from oil is often a very difficult and expensive 
process; in fact, many progressive refiners consider wax a necessary 
evil. The price received for finished paraffin wax is frequently less 
than the total cost of recovering and refining it. However, the ex- 
pense of separating crude wax from the lubricating oil is a larga 
part of the total cost, so that the actual refining of wax is usually 
profitable. 

SCOPE OF REPORT 


A preliminary survey of the problem of manufacturing lubri- 
cating oils shows that the separation of oil and wax is extremely 
important. Before this problem could be investigated, however, it 
was found necessary to study in detail methods for measuring the 
concentration of paraffin wax in oil-wax mixtures and to devise new 
methods which would be more satisfactory for research than any in 
present use. This report covers the work that has been done along 
this line. The present méthods of testing oil-wax mixtures and 
commercial paraffin waxes are compared and a new method that de- 
pends upon the relative insolubility of paraffin wax in acetone is 
described. 

ACKNOWLEDGMENTS 


This investigation was made under the supervision of F. B. Tough, 
former chief petroleum engineer, and H. H. Hill, chief petroleum 
engineer, of the Bureau of Mines. The authors wish to thank 
N. A. C. Smith, petroleum chemist of the bureau, for the many help- 
ful suggestions made during the progress of this report, and T. E. 
Swigart and M. J. Kirwan, former superintendents of the Bartles- 
ville station of the bureau, for helpful suggestions and constructive 
criticism given while this paper was being prepared for publication. 
Special acknowledgements are extended to Mr. H. T. Bennett, chief 
research chemist, and Mr. I. W. Espy, chief experimental chemist, 
of Cosden & Co., and to Mr. A. Henricksen, chief chemist of the 
Marland Refining Co., for their assistance in compiling some of the 
data presented. Miss Ruth Brown of the Bartlesville station pre- 
pared the charts and drawings. The courtesy and assistance given 
by many refining companies who supplied the samples used in this 
work are sincerely appreciated. 


PARAFFIN WAX 
CHARACTERISTICS 


The term “paraffin wax” as used in this report refers only to 
paraffin wax obtained in the commercial refining of crude petroleum. 
Although the pure paraffin wax as obtained from this source iS un- 
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doubtedly a mixture of various paraffin hydrocarbons, nevertheless, 
it may be described as follows: 

Paraffin wax when melted is colorless, odorless, and tasteless. 
When cooled below its melting point it is a translucent, apparently 
amorphous solid. Pure waxes with melting points as high as 170° F. 
are reported* as occurring as constituents of petroleum but the 
paraffin waxes of commerce, as generally produced in the refining 
of petroleum, have melting points between the limits of 115° and 
150° F., usually between 120° and 130° F. Air mixed into cooling 
paraffin wax gives a snowy white opaque appearance to the solidi- 
fied mass. 

The high melting point of paraffin wax, and the facts that the 
wax does not deteriorate, is impervious to water, and is an excellent 
nonconductor of electricity, give it a very extended range of uses. 


OCCURRENCE 


Pure paraffin wax is seldom if ever found in nature, but has 
been isolated from a large number of widely distributed substances.* 
Commercial paraffin wax is derived mainly from petroleum and to 
a lesser extent from shale oil, ozokerite and coal, and lignite 


distillates. 
MANUFACTURE 


The commercial refining of petroleum is a complicated process ® 
requiring especially designed and expensive equipment and many 
intricate and detailed methods. The crude oil is first separated by 
distillation into fractions generally known as “crude naphtha,” 
“kerosene distillate,” “ gas oil,” “ paraffin distillate,” and “ residuum.” 
Each of these fractions may be refined into various products by 
further fractionation and special processing. _ 

The major. part of the fraction called paraffin distillate is lubri- 
cating oil in which is dissolved the paraffin wax subsequently re- 
covered as commercial paraffin. 

Paraffin distillate is divided by chilling and pressing into two 
products, crude paraffin wax (called “slack wax”) and oil (called 
“pressed distillate”). This pressed distillate is the material from 
which most petroleum lubricants are made. The separation by 
pressing is never complete and after the pressing the oil contains 
small amounts of dissolved wax, and the slack wax contains 30 to 


8? Mabery, C. F., On the composition of petroleum; the solid paraffin hydrocarbons that 
collect in oil wells in Pennsylvania: Am. Chem. Jour., vol. 33, 1905, p. 285. 

* Brooks, Benjamin T., The nonbenzenoid hydrocarbons, Chemical Catalog Co., Inc., 
1st ed., 1922, p. 95. 

’ Smith, A. D., Refining; Chapter XI of “A handbook of the petroleum industry,” David 
T. Day, editor in chief. Vol. 2, 1922, pp. 322-420. Bacon, R. F., and Hamor, W. A.,, 
The American petroleum industry, Vol. 2, 1916, pp. 487-510. 
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4 PARAFFIN WAX 


60 per cent of oil and low-melting paraffin. Plate I, A, is a wax- 
distillate chilling machine and Plate I, B, is the interior of a press- 
room showing a wax press and cooling coils. 

Slack wax is refined to commercial paraffin by “sweating”, a 
process of slow fractionation that depends on the difference in melt- 
ing points of the oils and waxes present. In general the practice 
of sweating*® embraces the following steps: The melted slack wax 
is run into the sweating pan, which contains a small amount of hot 
water. This water is deep enough to cover a screen—usually made 
of one-quarter-inch mesh galvanized wire—which is held above 
the bottom of the pan by narrow strips of wood. Sweating pans 
are commonly about 20 feet long, 8 feet wide, and 8 to 10 inches 
deep, and are usually operated in units of 6 to 12 pans. After 
the desired amount of slack wax, usually from 4 to 6 inches, is 
run into the pan, it is cooled until the wax hardens into a solid 
cake; then the water is drawn off, and the cake of wax remains on 
the screen. The room containing the sweating pans (see Pl. II, A) 
is then heated very slowly. 

The heat first melts out of the wax cake the constituents of lowest 
melting point and then, as the sweating proceeds, constituents of 
higher and higher melting points. As the sweating continues the 
melting point of the “ stream ” coming off the wax cakes is tested, cuts 
being made in the stream to divide the products off the pans into 
“foots oil” and “intermediate wax.” When the wax left in the 
sweating pans has reached a satisfactory melting point and contains 
a predetermined minimum percentage of oil, sweating is discon- 
tinued. The wax thus obtained is treated with acid and filtered to 
the desired color. Plate III shows the wax storage and barreling 
house, with wax barreled for shipment. 


TESTING METHODS IN PRESENT USE - 


Finished paraffin wax is valued commercially according to its 
melting point and its freedom from oil and other impurities. Tests 
for these properties in finished wax have been fairly well worked 


out. 
OIL CONTENT 


The test that has been generally used to determine the oil content 
of wax is called the “ press method.” * This test is not satisfactory 
and its results are at best only comparative even for samples of rela- 
tively pure wax containing small amounts of oil. This method has 
been recommended and used only for testing commercial paraffin 


6 Smith, A. D., work cited, pp. 373-399. 
7 Delbridge, T. G., Petroleum testing method; Chapter 7 of “A handbook of the petro- 
leum industry,’’ David 'T. Day, editor in chief. Vol. 1, 1922, pp. 724-725. 
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WAX-SWEATING HOUSE, SHOWING INTERIOR ARRANGEMENT OF 


SWEATING PANS 
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AFFIN-WAX MELTING-POINT 
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ARRANGEMENT USED IN SEPARATING OIL-WAX MIX- 


TURES WITH ACETONE 
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that is practically free of oil. The nature of the test is such as to 
make it unsatisfactory for testing wax-oil mixtures that contain 
more than 10 per cent of oil. It is therefore useless for experi- 
mental work where the amount of oil may be 10 to 80 per cent of 
the sample. 

MELTING POINT 


The method generally used for measuring the melting point of 
a paraffin wax is in reality a method for measuring its crystallizing 
point, as the temperature recorded is that at which the latent heat 
of fusion is greatest. Two modifications of this method are described 
in Technical Paper 323 of the Bureau of Mines. (See Pl. II, B.) 
One modification is generally known as the “Saybolt mene. and 
involves using the well-known “ Saybolt improved wax tester ” shown 
ata in II, B. The other is the A. S. T. M.° paraffin-wax melting- 
point method shown at 6. Plate II, @,shows the petrolatum melting- 
point apparatus arranged to run duplicate tests. Tests reported to 
the authors January 2, 1924, by E. B. Phillips, chief chemist, Sinclair 
Refining Co., Chicago, chairman of subcommittee III on paraffin 
wax of committee D-2 on petroleum products and lubricants of the 
American Society for Testing Materials, show that these two modifi- 
cations check to 0.25° F. 


AMERICAN SOCIETY FOR TESTING MATERIALS PARAFFIN-WAX MELTING-POINT METHOD 


A volume of only 20 c. c. is needed for making a test by the Ameri- 
can Society for Testing Materials paraffin melting-point method. 
The method is clean and convenient, and the rapidity of the tem- 
perature drop of the sample being tested is independent of the room 
temperature. The accuracy of this method for ordinary commercial 
Waxes is remarkable, as two operators will often make perfect check 
runs. 

Very thin copper tubes were tried in this test method and found 
as satisfactory as glass tubes. The temperature drop was faster, 
but the melting points did not differ more than 0.2° F. at most. 
Since there are several advantages in using these tubes, the use of 
the glass tubes has been discontinued unless the wax is found to be 
of very high oil content. 

Table 2 gives the melting points and oil contents and Figure 1 the 
cooling curves of three typical commercial waxes (curves A, B, C) 
and of one intermediate wax (curve D). Study of these curves 


D Federal Specifications Board, Specifications for petroleum products and methods of 
testing: Tech. Paper 323, Bureau of Mines, 1923, pp. 38—42. 

*American Society for Testing Materials, A. 8. T. M. standard adopted in 1922. 1922, 
DD. 24-27, 


25544°—25-——2, 
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shows that as the percentage of oil increases the distinctiveness of the 
“melting point ” disappears. Hence, although this method is satis- 
factory for use with good commercial waxes, it_is_not satisfactory 
for oil-wax mixtures. Plate II, C, shows the assembly of apparatus 
for this method. 


AMERICAN SOCIETY FOR TESTING MATERIALS PETROLATUM MELTING-POINT 
METHOD 

Another method of determining melting points has recently been 
standardized by the American Society for Testing Materials for use 
particularly with noncrystallizable mixtures, such as petrolatum.'°™ 
This method has the advantage of requiring only a small sample for 
test and of being applicable to all kinds of wax-oil mixtures, and it 
has therefore been used in the work described in this paper. 


TABLE 2.—Melting points and oil contents of four typical wares 


A.8.T. M.| ottcontent| Oil content 


Wax number se boettie by acetone| by press 
Dole Separation | method 


°F. 
I Nes ca ee ey ak nT A eet ee Pe ae a tas 14]. 
We oat nee ede Set atin eeu ad cera aie een ete hiner Nac Mie NN 128. 
, Ofer ae tet thee cry ete a telnet elite We Stes eye Re Se PUR re Rinse SU OO cw EUS } 22. 
DiS, Gone bea cits Gowses ed eananeciSetee an tom baaeehoee ea eaten ees * 108. 


¢ Estimated; fell too rapidly to be an actual melting point. 


For comparison, 80 tests of commercial quality paraffin waxcs 
were run by both methods and it was found that the American 
Society for Testing Materials petrolatum method gave results that 
averaged 1.47° F. higher than the American Society for Testing 
Materials paraffin method. ‘The maximum variation was only 3° F. 
in the 80 tests made. Plate II, (, shows the apparatus used in this 
method. 


VALUE OF MELTING-POINT DETERMINATION OF OIL-WAX MIXTURES 


At. best, however, melting points do not and can not give reliable 
indications as to the composition of oil-wax mixtures. When three 
or more components are present several mixtures of different. compo- 
sition can be made which would have the same melting point. In 
the products made by sweating semirefined paraffin, particularly in 
the “ foots oil” and “ intermediate wax,” the number of components 
is very large, consequently the melting point is of little value in in- 
dicating the composition of the mixture. 


American Socicty for Testing Materlals, Tentative method of test for melting point 
of petrolntum: Proceedings, vol. 22, pt. 2, pp. 760-767. Federal Specifications Board, 
Specifications for petroleum products and methods for testing: Tech. Paper 323, Bureau 


ef Mines, 1025, pp. 42-45, ‘ 
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8 _ PARAFFIN WAX 


For example, a slack wax containing 60 per cent of 122° F. melt- 
ing-point paraffin is divided by sweating into three fractions, foots 
oil, intermediate wax, and finished wax, with melting points of 
60°, 110°, and 122° F., respectively. It might be assumed that 
all of the 122° F. paraflin would be contained in the finished wax. 
If this were true, the finished wax would amount to 60 per cent of 
the original slack wax. In practice, however, the finished wax is 
much less than this and it is therefore evident that part of the 122° 
paraffin has been dissolved during the sweating process by the lower 
melting products and will be found in the foots oil and intermediate 
wax. 

In judging the efficiency of fractionation by sweating, one must 
know the amount of paraffin wax of a given melting point con- 
tained in the original slack wax and in the several sweated fractions 
or cuts made during the sweating run, therefore the melting points 
of the sweated cuts are of little value. 


SPECIFIC GRAVITY 


Since the difference in specific gravity between commercial wax, 
intermediate wax, and foots oil is very slight, even where these 
products are separated into relatively clear-cut fractions, it is evi- 
dent that the specific gravity of a sweating cut is of practically 
no value for purposes of analysis or plant control when the cut. con- 
tains many components in unknown amounts. For purposes of com- 
parison, however, specific gravities, if desired, can best be deter- 
mined at 130° If. by a specific gravity balance (Westphal). 


WATER CONTENT 


For determining the water content of a given sample, the Dean- 
Stark !? method is used. 


SOLUBILITY OF PARAFFIN WAXES AND OILS IN ACETONE 


In all research and investigative work, direct. methods are prefer- 
able to indirect, even though they frequently require more compli- 
cated apparatus and take more time than methods usually employed 
for routine work. In studying sweating, for example, a method 
by which the paraffin wax is actually isolated is preferable to any 
indirect method, such as melting-point or specific gravity deter- 
minations. 


2 Dean, E. W., and Stark, D. D., A convenient method for the determination of water 
in petroleum and other organic emulsions: Jour. Ind. and Eng. Chem., 1920, vol. 12, 
p. 486. Federal Specifications Board, Specifications for petroleum products and methods 
for testing: Tech. Paper 323, Bureau of Mines, 1023, pp. 65-66. 
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A reliable method for research work can be based on the selective 
silvent action of volatile organic compounds. The Holde' method 
of determining the paraffin-wax content. of oil-wax mixtures is based 
on the selective solvent properties of a 50-50 mixture of alcohol 
and ether. This method is quite well knovgyn but has several dis- 
tinctly undesirable features. The worst of these is the extremely low 
temperature at which precipitation, filtration, and washing are sup- 
posed to be accomplished. It has been found practically impossible 
to check results on the same sample closer than to 5 per cent of the 
wax content. 


CHARACTERISTICS OF AN IDEAL SOLVENT FOR PARAFFIN OIL-WAX 
MIXTURES 


For convenience and accuracy, a single organic compound is pref- 
erable to a mixture of compounds as a solvent. The following | 
characteristics are necessary for a satisfactory solvent of oil-wax 
mixtures: The solvent must have a boiling point much lower than 
that of the oil or paraffin to be separated. It must have a compara- | 
tively high solvent power for oil and paraffin wax at elevated tem- 
peratures, and a low solvent power for paraflin wax and a compara- 
tively high solvent power for oil at filtering temperatures. The 
physical condition of the paraffin wax thrown out of the solution 
must allow removal of the filtrate without removal of any of the 
precipitated 'paraffin wax. The solvent must be such that it can 
be easily and completely removed from the filtered paraffin wax. 


SOLVENTS STUDIED 


Very volatile gasoline, specific gravity 0.650 (86.2 A.,P. I.), aver- 
age boiling point 140° F., dissolved both wax and oil very readily. 
Upon cooling to 32° F., the paraffin settled out, apparently in a nearly 
pure state. With this solvent, however, it was difficult to keep the 
temperature at 32° I*. during the process of separation and a slight 
increase of temperature dissolved out large amounts of paraffin. The 
precipitated wax was not easily pressed dry or easily washed; in fact 
it appeared to be an amorphous mass from which the gasoline could 
be separated only with difficulty. 

Benzol gave somewhat better results than gasoline but the precipi- 
fate was again an amorphous mass rather than crystalline paraffin. 
Removal of the last traces of benzol from the paraffin was extremely 


difficult. 


*Holde, D., The examination of hydrocarbon oils and of saponitiable fats and waxes. 
Translated by Edward Mueller, 1915, pp. 37-38. 
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Ethyl acetate gave good crystals of wax but there was particular 
difficulty in removing the last traces of this solvent from the crystal- 
lized portion of the paraffin. 


ADVANTAGES OF ACETONE 


Acetone seems to be especially adapted to the separation of 
paraffin wax and oil mixtures, as the following points of superiority 
over any other solvent tested indicate: 

1. Acetone dissolves a large amount of either or both commercial 
paraffin wax and oil at temperatures near its boiling point. In 
fact, oils seem to be completely soluble in acetone at temperatures 
above 100° F. 

2. Oil and low melting-point paraffins are still fairly soluble at 
temperatures of 60° to 80° F., while paraffin wax of commercial 
melting point is only slightly soluble at these same temperatures. 

3. The separation.of paraffin-wax precipitate from the solution 
of oil, paraffin wax, and acetone is peculiarly clear cut at tempera- 
tures below 90° F. 

4, The crystalline structure of the precipitated wax is unique, as 
it can be filtered at considerable pressure without any of the paraffin 
wax being forced through the pores of the filter cloth. This is 
particularly noticeable if contrasted with the action of paraffin wax 
precipitated out of gasoline, benzol, or ether-alcohol solution. 

5. Tests with chemically pure and U. S. P. acetone show practi- 
cally no difference in the yield or character of wax, provided the 
acetone is free from water. 

6. The solubility of commercial oil-free paraffin wax at tempera- 
tures between 50° and 70° F. is so small that any one temperature 
in this range can be selected as standard and uniform results can 
be obtained. This low solubility is particularly valuable, as it 
permits work to be done at or near ordinary room temperature. 

7. The boiling point of acetone is 134° F., hence the solution can be 
easily evaporated on a steam bath. Acetone, moreover, is not as 
dangerous to handle in a laboratory as would be equal volumes of 
light gasoline or ether. 

8. Only a few minutes time is required to remove the last traces 
of acetone from either paraffin or oil if the mixture is evaporated 
on a steam bath at 50 to 60 mm. pressure. 

Because acetone was superior to any other solvent available, it 
was adopted for the present investigation and a detailed study made 
of its action as a selective solvent for oil and paraffin-wax mixtures. 


QUALITY OF ACETONE USED 


In this work U. S. P. acetone was used. To be sure that it did not 
contain water it was refluxed for 1 hour over anhydrous calcium 
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chloride and then distilled; it gave a uniform product of 0.792 
specific gravity at 60° F., b. p. 133.8° F. (56.6° C.) at 740 mm., 
these specifications fully conforming to those specified in general 
pharmaceutical practice as U. S. P. material. The used acetone was 
recovered from time to time by distillation, each lot of recovered 
acetone being tested for purity by taking the specific gravity before 
use, 
PREPARATION OF OIL-FREE PARAFFIN WAXES 


As commercial grades of paraffin wax usually contain some oil and 
low-melting wax, it was decided to prepare a set of waxes for use as 
standards. Several samples of paraffin wax were therefore purified 
by recrystallization from acetone until they were apparently free 
from all traces of oil. Figure 2 shows the changes in melting point 
of a typical wax in successive recrystallizations. In each crystalliza- 
tion wax was dissolved in approximately 10 volumes of hot acetone, 
the solution cooled to 80° F., and the crystallized wax removed by 
filtration. The acetone in the filtrate was recovered by distillation 
ona steam bath, the dissolved portion of the wax dried in vacuo, and 
the melting points of the precipitated and the dissolved waxes deter- 
mined. As the reader will note, the melting points of both the pre- 
cipitated and dissolved waxes increased rapidly at first, then more 
and more slowly, the increase becoming practically constant after the 
fourth crystallization. Although these melting points indicated that 
the crystallized wax was still a mixture of hydrocarbons, the wax 
was considered homogeneous enough for the present work. 

The portion of the wax sample that was recovered from the filtrate 
looked yellow and oily in the first separation, only slightly yellow 
in the second, and almost entirely white in the third. In the third 
separation, and those thereafter, the wax had the general appearance 
and characteristics of ordinary paraffin wax of similar melting point. 
The crystallized portion did not change in color materially after the 
first separation, but when in a solid cake, it did appear more glazed 
and more nearly transparent as the melting point increased. 

Several samples of oil-free wax were prepared in the manner just 
outlined. The original waxes had very different melting points and 
the final crystallized samples were expected to show similar differ- 
ences. However, the samples of wax, after being freed from oil as 
described above, all had melting points of 122° F. or higher. Samples 
E-4, F-4, and G4 (Table 3) are typical waxes thus prepared. 

A low-melting sample of oil-free wax was prepared as follows: The 
filtrate from sample G—1 was cooled from 80° to 60° F. and filtered, 
yielding 33 grams of wax melting at 112° F. The filtrate from G-2 
was similarly cooled and filtered, yielding 10 grams of wax melting 
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at 111.3° F. These two samples were united and used as sample H, 


i 4 
Table 3. 
TABLE 3.—Preparation of oil-free wares 
Melting P 5 r ; Melting 
point ample | Amounto point of 
Sample No. (petrola- taken acetone removed 
tum) portion 
Grama Ci¢ oF 
Beis ee BO ake hee ha tg eh eh ht tern Sato Ses 129. 7 3 3, 000 Gs. 1 
Bee Pacesetter ete NS ats ene ard oS ae 131.7 253 2, 5380 112.4 
| Ly eM aR A RR EE OSTA Tae et ven OLE: NAW ace PRS eee Tere eae 133. 9 229 290 117.2 
BeBe ele See ae AO: eats eet Ge Guo Ro Se ae eed 134. 7 215 1530 119.7 
VGA S pat Oa ee ahead oat cade Seen Saas 135. 0 207 (4) (*) 
De ee cok ph ap a re ce i ate te ee ta eet 119.2 450 3, 000 105.7 
| ec) Reinet te ROP ame Mee AM Ee ere OCe ne cra emn: enki mer INE eerste 121.3 410 2, 700 107.6 
Bode 6 aes does ee ote ieee ee ested hee hind Ue ceste oes 121.4 379 2, 500 108. 0 
Bags cate Settee Need ne sarees et aoe raocee Ue ohare 122.5 353 2, 330 10%. 0 
ees he ee ee he Os ea te lon A ena Actas 122. 2 356 (‘) (‘) 
CHa SE eens DA re soe le 8 Se lahore tt Oe ce oat OP co coh EO ead he 110. 1 450 4, 000 @) 
Us ee i sid ee es, ee Dee De pt oth aver ait 116.0 324 3, 240 90.0 
G2 ee as Se ere bole ce Rate) Se Lee oe 121.4 24 2, 540 101.0 
NBS os ks Fad ON eh re aye EE re et AG a Cana tonn Siete 122. 3 247 2, 470 lu6. 7 
CR ae a pee het Taare Bh atid oy ctaia ainls abate 123.5 202 (') Q) 
VS io. oh oi ad Sa eee ee oeeee sec eek ete eo ete 111.7 AS oe Soe a 


1 Finished sample. 2 Very low. ’ Made from filtrates from G-1 and G-2. 
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FicurB 2.—Effect of recrystallization from acetone on the melting point of a typical 


paraffin wax 


METHOD OF DETERMINING SOLUBILITY IN ACETONE 


Preliminary experiments indicated that the method described in 
the following paragraphs could be used to determine the solubility 
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of waxes and oils in acetone, and as it has proved reliable and con- 
venient in practice it has been adopted as a standard in the present 
investigation. 

A 10-gram sample of the oil or wax is dissolved by heating under 
a reflux condenser in enough acetone to make approximately 100 ¢. ¢. 
of solution. The solution is allowed to cool to a few degrees above 
the temperature at which the solubility is to be measured. During 
this cooling a part of the wax separates from the solution, either 
as crystals or as oily drops. 

When waxes have a high melting point it is occasionally advisable 
to decant the solution from the separated wax some time before the 
desired temperature is reached because of the bulk of the crystals: 
occasionally a larger proportion of acetone may be required. 

After cooling to nearly the desired temperature, the clear portion 
of the solution is decanted into a 4-ounce oil-sample bottle stoppered 
with a cork bearing an American Society for Testing Materials 
paraffin-wax melting-point thermometer and placed in a water bath. 
The bath is slowly cooled to the desired temperature and held there 
at least 30 minutes. The stopper containing the thermometer is now © 
replaced by a two-hole stopper carrying a short glass tube connected 
to the air supply and a longer glass tube extending through the 
stopper and into the clear liquid about halfway between the surface 
of the solution and the precipitated wax. The upper end of this 
sampling tube is connected to a glass stopcocked U tube (Schwarty 
drying tube) into which 12 to 15 grams of the clear solution is trans- 
ferred by very gentle air pressure. Both stopcocks are closed, the 
inlet tube rinsed with acetone and dried, and the U tube and con- 
tents weighed as quickly as possible. The weighed solution is quanti- 
tatively transferred to a tared flask and the acetone is evaporated on 
a steam bath. The residue is then dried, under a vacuum of 50 to 60 
mm., to constant weight, and the solubility is calculated in percent- 
age by weight of wax in acetone. 

Figure 3 shows the set-up of the U tube and sample bottle used 
in making these solubility determinations. When work was being 
done at or above room temperature, the sampling tube extending 
into the liquid and the drying tube were heated as nearly as possible 
to the working temperature, otherwise the slight cooling of the clear 
solution caused precipitation that stopped up the sampling tube and 
its orifices. 

This method of determining solubility was used to determine the 
influence of concentration of wax on the apparent solubility of wax 
in acetone; it was also used to determine the relations existing be- 
tween the melting point of a wax and its solubility at different tem- 
peratures in acetone. 
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EFFECT OF WAX CONCENTRATION ON SOLUBILITY 


Table 4 shows the effect of varying the size of the wax sample 
taken for a solubility determination. Samples of wax E-4 (Table 3), 
weighing 15, 10, and 8 grams, respectively, were each dissolved 
in acetone to make 100 c. c. volume and the solubilities determined at 

_ four temperatures. Each figure shown is the average of three de- 
terminations, 


TABLE 4.—Hffect of war concentration on solubility 


[Solubilities in per cent by weight of wax in acetone] 


Tempera-|  15-gram 10-gram &-ceram Maximum 
ture sumple sample sainple alllerence 
oF, 

120 8. 49 6. 42 6. 32 2.27 

110 3. 7 3.17 3.17 59 
100 1. 37 1.56 1. 54 . 02 
yO 278 ta] 700 . 003 
70 201 . 200 2H) . OL 


The reader will note that the influence of concentration is quite 
important at high temperatures, but below 110° F. the difference in 
solubility becomes very small and is negligible at 90° F. and below. 
The difference in apparent solubility at high temperature is probably 
due to the presence in the sample of relatively low-melting material 
which is more soluble at high temperatures than high-melting wax. 


RELATION BETWEEN MELTING POINTS AND SOLUBILITY 


The probable accuracy of the method of determining solubility as 
well as the actual solubilities of typical oil-free waxes are shown 
in Table 5. In general the method is most reliable when employed 
at temperatures from 60° to 90° F. At higher temperatures the 
volatility of the acetone and at lower temperatures the light weight 
of the dissolved wax make the results less certain. It is evident, 
however, that the solvent power of acetone for all grades of wax 
decreases rapidly as the temperature is lowered and that there is 
much less difference between the solubilities of different grades of 
wax at low than at high temperatures. These facts are also brought 
out by the solubility curves in Figure 4. The physical properties 
and methods of preparing the waxes used in determining the solu- 
bilities given in Table 5 and shown graphically in Figure 4 are 
shown in Table 3. 


PREPARATION OF WAX-FREE OILS 


Commercial slack waxes were dissolved in acetone in the approxi- 
mate ratio of 10 grams of sample to 100 c. c. of acetone, cooled to 60° 
F., and fitered. The dissolved oily portion of each slack wax was 
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recovered by distilling off the major portion of the acetone and then 
removing the last traces of the solvent in vacuo. Obviously these 


al portions still con- 
tain some paraffin wax. To 
fnd out the quality and 
quantity of the remaining 
wax a sample of each oil 
was tested as follows: A 5- 
sram sample was dissolved 
in50 ¢. c. of acetone, cooled 
to 50° F., and filtered, then 
the wax precipitate was 
washed with 50 ¢. c. of cold 
(32° F.) acetone. The pre- 
cipitate was dried in vacuo, 
weighed, and its melting 
point taken. The results 
are shown in Table 6. 


FicurRe 3.—Detalil of set-up of U tube and sample 
bottle used in muking solubility determinations: 


a, Clear Mquid level; b, erystallized-wax levc!; 
c, sampling tube connectrd to U tube; d, tube 
for applying air pressure, 


TABLE 5.—Solubility of oil-frce paraffin war in acetone 


| Percentages by weight} 


Wax E-4 Wax G-4 Wax H 
Temperature Determination Determination Determination 
Aver- Aver Aver- 
age uge uge 
1 2 3 2 1 2 
oF, . 

|v. | eee eee 6.85 | 7.00 6.92 | 6.92 (11.39 [11.40 [11.38 411.39 [ele 

ie ceclenidte tans 3. 16 3.15 3. 20 3.17 5. 68 h. 67 5. 68 6.68 ]12.69 |12.69 [12.62 12.67 
WW santos ree es 1.54 1.55 1.55 1.55 | 2.48 | 2.53 | 2.53 | 2.51 8.85 | 8.82 | B.K2 8. 83 

Wes eles 750] . 751 749 .709 | 1,09 1.10 1. 08 1.09 | 3.26 | 3.25 3. $0 3. 27 

ee eee . a9 . 308 . 325 . 350 7133 736 . 698 ~i22} 1.59 1. 59 1. 4 1. 5A 
WD piace AB Shea . 200 . 210 . 190 . 190 385 387 . 392 2 348 752 715 . 704 723 
Me cee 125} .224 4 2126) 2125 1s3 Is2} .182] .IS2] .343) 2339). 2k7 ad23 
ea ene a 054) .069) .062) 061 OSS OXS2 | .OSE | . O83 WO] . Wg]. 1aY . 149 
\ oe ea -O34] .031 . O21 O28 OAG 039} .037 . O40 . 0353 .055 | . 057 . 055 

TABLE 6.—Tcsts of war-free oils 
Wax : Pour 
Melting . 
removed ; point of 
Bample No. at 60° to anata remnining 
= 50 °F, oil 
I Per cent °F. °F, 

Jr rrr nnn ence nen nner cn cee ee ene eee en cee nee ene §. 35 88. 0 45 
Kren cece cece cc ne cn cece ee cece 4. 40 OY. 7 55 
RRR 5. 20 90. 8 45 
Morr tee cee cee ccc coe tee ce ee een ne ee eect eee 3.72 100. 9 45 
Nr ttt reece cee e cee c nce cece cence fee ae Pe eee re aT 3. 80 97.1 50 
Qt ee ceene cece cee nce cee ee ccc ec ee eee e nese 4. 50 95.7 50 
PG SaaS eeemete kt area wide etn) Acree aere ced imee | 5.85 95.1 50 
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Another sample, P, was 
prepared in the same man- 
ner as those shown in Ta- 
ble 6, except that the fil- 
tration was made at 29° F. 
instead of 60° F. The cold 
test of this oil was 30° F. 

These tests show that the 
amount of wax remaining . 
in each of these oils is 
small, has a very low melt- 
Ing point, and can not 
be considered commercial 
Wax. : 

Solubility determina- 
tions were made with four 
of the above samples of oil 
(I, J, K, and P), and low- 
melting-point wax mix- 
tures. The results of these 
determinations are shown 
in Table 7 and graphically 
represented in Figure 5. 


GRAMS OF WAX PER 100 GRAMS OF ACETONE 


32 40 5 co 70 80 #& 100 110 120 
TEMPERATURE, °F. 


Ficcre 4.—Solubility curves of three oil-free 
waxes, E4, G4, and If 


Tarte 7.—NSolubility of war-free oils in acetone 


[Percentage byeveight] 


| Oil I OUT 

Temperature Determination Determination 
Average -| Average 

1 2 3 1 2 3 
oF 

Qi vcin Sos sie tie fs Sos 22. 64 22. 85 22. a 22.81 30, 97 31.05 31.04 31.92 
BO en So ea es 12.09 12.05 12.01 12.05 16. 30 16. 24 16. 3l 16. 28 
fh) eee Ree ae oe te $15 &. 40 s. 44 &. 18 10. 44 10. 43 10. 41 10, 43 
GO ce ee el eg 4.20) 4.403 4. 328 4.327 6. ESA 4. €00 6. G18 6 0l 
DU) oie, mii ae ine Bena 1.903 Las 1. 968 1.895 3, 302 3. $0) 3. 414 3. 30S 
eee het eh) tem MNS el 0. 459 0). 463 0. 491 0.451 | 1. 488 1. 482 L404 1. 478 

” Ou kK our 

Temperature Determination Determination 
-—-- - --—-——_—--] Average | ——-—-——-—__-—_________ Average 

1 2 3 1 2 3 
a F ‘--1=--.: Bee Ug ee it gee =4 

D6 ahd eaten cea tes 55.15 55. 06 55. 69 BR B06 cede: ta Rall cet er nea Nas wee 
BU ef Ngee te Send Pees 18. 77 14. 0 18. 32 18. 63 37. 04 36. 90 36. 90 36. 95 
£0 ee eee ie eee ee eTV LP e aeereh we 12. 25 12. 20 12. 29 12. 24 21.87 21.54 21, 83 21.83 
OO eee Ate te 7.377 7. 485 7. 520 7.461 14. 27 14. 32 14. 36 14. 32 
Os eG shel eho Je Oe 4.147 4. 140 4. 207 4.198 9. 562 9. 566 0. 656 9. 504 
bs Y eerie eee teeta ene ene 1.810 1. $24 1.816 1.817 §. 761 5. 7Al 8. 731 5744 
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METHOD OF DETERMINING THE PARAFFIN-WAX CONTENT OF 
OIL-WAX MIXTURES 


INTERSOLUBILITY OF OIL AND WAX IN ACETONE 


Comparison of Figures 4 and 5 indicates that there is a real dif- 
ference between the solubility in acetone of paraffin wax and the 
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sat TP eT AA 
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tReet) eae 


3235 40 45 5 55 60 65 $70 75 80 8 9 95 
TEMPERATURE, ° F. 
Ficure §.—Solubility curves of four wax-free oils 


oil that must be removed from it in the refining process, However, 
the fact that oil and paraffin wax are both soluble in acetone and in 
each other must be considered when any method using this solvent 
is standardized. 
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To determine the extent of this intersolubility would require an 
elaborate investigation which is not within the scope of this report. 
Tests were made, however, of several mixtures of various waxes and 
oils, and it was found that the intersolubility became greater as 
the oil and paraffin wax diverged in character. For example, a 
low-pour-point oil (sample P, Table 7) had a much greater effect 
on the solubility of high-melting-point paraffin wax than did samples 
I, J, or K (45° to 55° F. pour point). In general, it was found that 
the intersolubility in acetone of oil and wax in a normal “slack 
wax ” was very slight. Since the present investigation deals only 
with such mixtures and especially since the details of the proposed 
method are carefully specified, this consideration can be neglected. 


WAX CONCENTRATION 


As the solubility of paraffin wax in acetone is appreciable at 32° F. 
‘or above, the smallest amount of acetone necessary to remove the 
oil should evidently be used. It is unsatisfactory, however, to 
attempt to vary the amount of solvent used for different oil-wax 
' mixtures so that the relation between the amount of oil to be re- 
moved and the acetone used will remain constant. For example, a 
sample that consists mainly of oil is much more soluble in acetone 
than one that consists mainly of wax; consequently, for complete 
solution a much greater ratio of acetone to oil is required for -high-.- 
wax mixtures. Therefore, for the routine testing of oil-wax mixtures 
of different composition an arbitrary standard method based on the 
relative solubilities of oil and wax in acetone is necessary. 

The effects of varying the amount of solvent and of various 
methods of precipitating and washing the crystallized paraffin were 
studied by making 18 trial determinations as follows: Three samples 
of slack wax, Q, R, and S, whose approximate oil and wax content 
were known, were selected and treated by the following methods: 


METHOD 1 


The sample was dissolved in acetone by refluxing and was cooled 
to 68° F. (20° C.), then filtered through a fine linen cloth and pressed 
as dry as possible by hand. The crystallized wax portion was 
folded in the linen cloth and the pack thus made was folded if 
heavy canvas and pressed dry between two oak blocks in an ordinary 
screw vise. The wax cake was freed from traces of acetone by 
evacuating over a steam bath. The wax was then filtered hot through 
filter paper to remove possible dust and lint. 


METHOD 2 


The same procedure was followed as above except that the dry 
wax cake as taken from the press was finely broken up and washed 
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for 10 minutes in cold acetone, with a mechanical stirrer. The 
amount of acetone for washing was taken arbitrarily as one-half 
of the amount previously used for solution. After it had been 
washed, the wax was filtered and pressed dry as in method 1. The 
wax was freed from remaining traces of acetone and filtered. 


METHOD 3 


The same procedure was used as in method 1, except that the wax 
portion obtained was crystallized from fresh acetone a second time, 
pressed, freed from acetone, and filtered. 


APPLICATION OF METHODS 


Method 1 was applied to all three waxes and the amount of acetone 
used for solution was varied in different tests so the amount of oil 
was respectively 10, 8, 6, and 4 per cent of the weight of acetone. 

Methods 2 and 3 were applied to slack wax Q at the rate of 10 
per cent of oil to the acetone used for solution and to slack wax 
R at the 8 and 6 per cent rates. 

The wax portions thus obtained were submitted to two refinery 
laboratories for determination of the oil content by the press method. 
On account of the well-known limitations of this method, these two 
laboratories differed considerably in the percentages of oil they re- 
ported. The set of determinations which in general were the highest 
was selected. 

Table 8 shows the data obtained for the 18 samples. Since the 
maximum oil content allowed for crude scale waxes is usually 2 
per cent, and for finished commercial wax less than 1 per cent, 
as determined by the press method, some relative idea of the free- 
dom of these samples from oil can be gained. 

These tests show that if only one crystallization is used the oil 
to be removed can not be more than about 5 per cent of the acetone 
used. If the crystallized wax is thoroughly washed with new ace- 
tone or crystallized a second time from new acetone, the amount 
of oil to be removed can be as much as 15 per cent of the solvent. 

Further recrystallization showed that the recrystallized samples 
Were practically free of oil, and the amount of “oil” shown by the 
press method is undoubtedly high. | 

Attention is called to the low melting point of all samples of 
wax obtained from slack wax R. This slack wax was selected be- 
cause its characteristic wax had a very low melting point, only 
122° F., when free of oil. 
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TABLE 8.—Effects of varying the concentration and method of treating slack 


wares 
| 

- ee Acetone Melting phe 
Sam o Acetone|*Ccetonelused for) yw Wax | point thod 

Slack wax No. ple voit t} = iy for | second | ninie| Tecov- | of re- pres 

No; | | oo wash | erystal-| SP"! ery jcovered| ‘2h 
of ace- lization wax [covered 

tone . wax 

Per Pe Per 

cent CG.c. C. é. C.c. | Grams} cent ae cent 
Ge eee oe Se Fs 1 10 1608" tt 2. .2scl2 Seana 200 47.85 121.4 6.14 
AER PU a aa i ae ae 2 Ss BATA i em pene wet | 200 41. 65 123.8 1.13 
OF oe ee Sat a ne ae m= 32 a 3 6 fe Ay Rpt ictee tep peered 200 40.15 124.0 29 
oe Oe a ee ae eye 4 4 CS res, ee 200 | 36.75 | 126.2 45 
Gi cnccasneGdewcndacaducdadcaecas 5 10 1558 789 200 41.10 125. 1 .87 
2 a Alls Rey OS eee ae 6 10 UL 1020 200 37. 28 125. 2 2 
(| Le AE PO AP SPE IS 1 10 ty re ee Se 150 66. 60 119.0 2, 22 
|S ee ee be ee er 2 Sc (BBB ot cca ee eas ae 150 65. 25 120.0 1. 96 
| | AA ES Ft I OS A eta SEK 3 6 ff) [et ey Reg er 150 63. 65 122. 1 1.14 
| al Pf eettg. eae 4 4 1a ease As oe 150 59. 00 122. 0 1.29 
Boe tee eek we ee 2-8 ne 5 8 1705 ot 2 300 57. O 118.3 . 41 
| SE ee eee ee 6 8 1705 A Epo 1134 390 49. 60 122. 5 51 
| ae ORE ere 7 6 2276 LISS! oekexae 300 53.3 119. 1 .& 
| | le = a a WE shen ep BR PO tele Ss 6 RAIG: lowisice le 2064 300 52. 23 122. 5 .D 
EE eee Spe te tela eee l 10 823 ne 15D 5S. 16 122. 6 3. 35 
Bee eee a el eet once 2 S RUA We encuawnlewe acne 150 58. 16 124.0 3.31 
ee Pe ee ee re 3 6 bi. eee eae Pte eee 100 | 54.75 125. 1 2.42 
3 EP ETI tL SE A Sig RA sa 4 4 MYA Vccuoe patrase 150 47.41 126. 0 32 


Since 10 grams of oil can be removed with 100 grams of acetone, 
if the wax crystals are well washed, and furthermore, since 10 grams 
of high-melting-point commercial paraffin is about all that 100 grams 
of boiling acetone will dissolve, this concentration would seem to be 
well adapted for this work. However, since 100 grams of acetone is 
approximately 135 c. c., it was decided to try using 10 grams of 
sample and 100 c. c. of solvent for solution. This procedure has 
worked out most satisfactorily and since it is more convenient has 
been adopted for this work. 


TEMPERATURE OF FILTRATION 


The filtrations for the data shown in Table 8 were made at 68° F. 
(20° C.), but an appreciable amount of dissolved wax was carried 
through with the filtrate at this temperature. Trial runs with vari- 
ous oil-wax mixtures showed that the most satisfactory and con- 
venient temperature was 60° F. Although it is true that paraffin 
wax is slightly soluble in acetone at that temperature (see fig. 4, 
p- 16), it is also true that at lower temperatures the solubility of 
acetone for oil is much decreased (see fig. 5, p. 17). The wax re- 
maining in solution at 60° F. (using 10 grams of sample to 100 grams 
of acetone) has a very low melting point, as shown by the data 
in Table 6. Subsequent work, when 60° F. was used as a standard 
temperature for filtration, shows that the error introduced must be 


less than other unavoidable compensating errors, as excellent check 
* 
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determinations can be made. Other advantages of 60° F. as a stand- 
ard temperature are: First, it ig not removed so far from average 
room temperature; second, it has long been used as a basic tempera- 
ture in the oil industry. 

shows the manner in which 

the filters are assembled in 


t ig Ficurp 6.—Filtering bath and filters: A, Plain 
he bath, A cork, Me view; B, elevation; C, detail of filter tube; a, 
placed under the filter and tubes; b, test-tube holders; c, cork; d, filter 


: : tube; @, position of monel-metal screen; f, out- 
a Gooch rubber 1S placed let; g, position of Gooch rubber; h, soldered joint 
around the top at g, to pre. 
Vent any air circulation around the filter. Several test-tube holders, 
5, were placed around two sides of the bath as shown. 


STANDARDIZING EQUIPMENT 


After much investiga- 
tion, a filtering bath and fil- 
ters, as shown in detail in 
Figure 6 and Plate IV, A 
and B (p. 5), were devel- 
oped. The water bath and 
tubes a@ are made of heavy 
galvanized iron. The four 
filters are made of brass 
tubing with three-eighths- 
inch copper tubing for the 
outlet f. A Monel metal 
Screen (very fine mesh) is 
placed across the filter, as 
Shown at ce. The cut-away 
section of the elevation 


ad 


TESTING FOR WAX CONTENT OF OIL-WAX MIXTURES 
SAMPLING OIL-WAX MIXTURES 


It is extremely important in testing oil-wax mixtures that the 
sample obtained be truly representative. This is not easily done 
wunless the mixture to be sampled is melted, thoroughly stirred, and 
a sample immediately drawn while hot. If the mixture is allowed 
to cool to a solid or semisolid cake the contained wax segregates and 
to obtain a representative sample by cutting out part of the cake is 

practically impossible. 

When accurate results are desired the sample should be filtered hot 
through filter paper, as the presence of foreign matter not only makes 
tlae weighing inaccurate but may cause the precipitate to form in 
heard masses and thereby prevent complete washing. 
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PROCEDURE IN TESTS 


The test procedure is as follows: A 5-gram sample is weighed into 
a 100-c. c. Erlenmeyer flask; 35 c. c. of acetone is refluxed with the 
sample for a few minutes, and the solution is transferred while hot 
to a 12-inch 120-c. c. capacity test tube, which is immediately stop- 
pered to prevent evaporation; 15 c. c. of acetone is then used to 
wash out the flask and added to the other solution, thus making 5 
grams of sample and 50 c. c. of acetone. The solution is shaken 
vigorously—in cool water if desired—until it has cooled to nearly 
60° F., and then placed in the bath and allowed to become adjusted 
to the bath temperature of 60° F. 

Test tubes each containing 50 c. c. of new acetone are also kept at. 
60° F. in the bath. It has proved convenient to have these tubes 
graduated in one 20-c. c. portion and two 15-c. c. portions. 

When the solution has had ample time to come to the bath tem- 
perature, it is poured into the filter and the acetone solution is al- 
lowed to drain off. Then 15 c. c. of the cool acetone is put into the 
tube that originally contained the sample. The tube is shaken 
quickly and the contents poured into the filter. A 15-c. c. volume 
is again poured into the sample tube, shaken, and poured into the 
filter. After each addition of wash acetone the filter is allowed to 
drain. The 20-c. c. volume of wash acetone remaining is then 
used to wash down any crystals remaining on the sides of the filter. 
As soon as this last volume is added the suction is attached and the 
filter is allowed to drain dry, which requires about 30 seconds. 

The filtrate is distilled over a steam bath until practically all the 
acetone is recovered. The oil portion is then quantitatively trans- 
ferred to a small Erlenmeyer flask, distilled, and dried in vacuo in a 
boiling-water bath. The oil is weighed and the wax calculated by 
difference. The wax precipitate is recovered from the filter and 
evacuated in a boiling-water bath, no effort being made to make a 
quantitative weighing of it. Its melting point can then be deter- 
mined. | 

Experience with the above method has shown that it generally 
gives reliable results if the melting point of the wax portion is 
normal. If the melting point of the recovered wax is low the 
recovered wax is redissolved with new acetone at the rate of 20 c. c. 
of acetone to 1 gram of wax. The solution is cooled to 60° F., fil- 
tered, and the wax crystals washed with 20 c. c. of cool acetone per 
gram of sample. The oil portion thus removed is recovered as 
above outlined by distilling the filtrate and evacuating to remove 
the last trace of acetone. The wax portion is likewise evacuated 
and its melting point determined. The total amount of oil re- 
moved is then determined and the yield of wax thus found by 
difference. If, on the other hand, the melting point of the recovered 
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wax is abnormally high the percentage yield will probably be 
slightly low and for accurate results it is necessary to recover an 
additional crop of wax crystals from the separated oil by redis- 
solving in acetone, cooling to 60° F., and filtering as above. The 
melting point of the combined wax portions recovered from the 
sample being analyzed is then determined. 

This procedure gives a good clean wax and very consistent results. 
Two points, however, must be carefully watched: First, the solution 
must be shaken while cooling until it is nearly at the filtering tem- 
perature, so that the wax precipitating out will not form a lumpy 
mass which is not easily washed; second, care must be taken that 
no water gets into the sample during the operation, as a small amount 
of water greatly decreases the solvent power of the acetone for both 
oil and wax. An attempt to use suction during the entire operation 
of filtering was not successful, because the temperature of the filter, 
the contained solution, and the wax became too low, owing to the 
rapid evaporation of the solvent. 


APPLICATION OF METHOD 


The method of analysis just described has been successfully used 
for analyzing slack waxes, or such oil-wax mixtures as are obtained 
when slack wax is sweated to yellow scale or finished paraffins. For 
example, two slack waxes, T and U, were treated with acetone in two 
crystallizations in the manner just outlined. Slack wax T yielded 
53.64 per cent of wax, M. P. 122.0° F.; slack wax U yielded 50.73 per 
cent of wax, M. P. 126.4° F. 


Taste 9.—Determination of the distribution of paraffin icar in the sweated 
fractions of a typical sluck icar 


First crystallization Second crystallization M. P. 
Slack 3 Sa oe Total of 
Cut No. 5 x : 
wax | Wax lsample ere Wax | Cut {Sample} 8 oe 
Per cent| Per cent)Per cent) °F | Per cent] Per cent|Per cent) Per cent| °F. 
5 2. 90 97.9 37. 10 13. 57 1.07 1.07 116. 6 
§. 42 105. 1 63. 88 22. 10 2. 92 2. 92 116.3 
8.15 105, 7 56. 73 23. 89 4. 62 4. 62 115.5 
3. 58 110.0 73. 02 32.7 2. 61 2. 61 116.9 
0. 60 114.7 76. 08 47. 21 0. 46 0. 46 118.8 
0. 46 114.6 78. 04 51. 69 0. 36 0. 36 118.7 
2. 24 116.4 79. 19 59. 88 1.77 1.77 119.3 
3. 5) 117.1 81. 27 67. 17 2. 84 2. 84 120. 5 
6. &Y 117.6 83. 50 72. 18 §.75 §.75 122.0 
30. 10 124. 5 58. 75 5. 55 1. &5 31. 95 124.5 
Rein Seales es Socal: eta Mena ice, ated 54. 35 121.0 
0.4) 29 119.5 
0. 79 79 121.9 
1. 58 1. 58 122.7 
3. 13 3.13 123.3 
4.27 4.27 123.6 
§. 31 5. 31 123. 8 
0.19 | 12. 23 122.1 
0. 04 2. 81 127.0 
0. 04 3. 38 128. 5 
0. 33 13. 35 134.0 
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These slack waxes were charged to a semicommercial sweating 
oven and the temperature of the oven gradually increased, the wax 
being thus sweated down very gradually, just as it would be in a 
commercial wax plant. The samples sweated off were collected and 
removed at regular intervals of temperature and time, in such a 
manner as to give nine fractions of foots oil and intermediate wax 
and one sample (remaining in the sweating pans) of finished par- 
affin wax. These fractions were numbered respectively 1-T to 10-T 
and 1-U to 10-U. The second column in Table 9 shows the per- 
centage of the sweating sample taken off as in various fractions. 

The sweated fractions were then each analyzed for their wax con- 
tent by the standard method (5-gram sample to 50 c. c. of solvent for 
solution and washing with 50 c. c. at 60° F.) outlined above. The 
wax yield of each fraction by difference is shown in the third column 
of the table. The melting point of cach wax thus separated is 
shown in column 5. 

Upon the completion of the analysis of each set it was found that 
the total percentage of wax thus recovered exceeded the amount 
which the preceding analysis had shown the respective slack waxes 
to contain, and the melting points of most of the wax portions were 
low. The wax and oil portions of the fractions were therefore re- 
crystallized, with the results shown in Table 9 under “ Second crystal- 
lization.” In this work the melting points of the waxes recovered 
from the original slack waxes were taken as normal, namely 122.0° 
F. for sample T and 126.4° F. for sample U. 

The total percentages of wax thus obtained were 54.35 per cent 
and 47.14 per cent, respectively. The percentages were recalculated 
to compensate for the handling loss in sweating, becoming 54.6 per 
cent for all fractions of T and 48.5 per cent for all fractions of U. 
All the wax fractions of each set were combimed and the melting 
point of all wax for each set was taken. 

For comparison the results of the original analyses and the net re- 
sults of the analyses of the sweated fractions are tabulated below as 
Table 10. 


TABLE 10.—Comparison of analysis of original slack icar acith the analysis of 
its sweated fractions 


By separate anal- 


By slack wax onal- 
; ysis of fractions 


ysis Difference 


Slack wax sample 


en | 
Percent} M.P. | Percent] M.P. | Per ent! M. P. 
a | | 
Tee cee ab est ose Areas osetehed 2 53. 04 | 122.0 | 54. 60 121.0 | +0.%6 —1.0 
mt 2S | +0. 5 
| 


ogra ter aoe ian a Moa ptor a eae cae | nM. | 126. 4 48, 4) 126.9 
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The method outlined above is admittedly long when applied to 
many fractions, as are obtained when a given slack wax is being 
closely andlyzed for detailed information. The method has been 
used with numerous samples, however, and found extremely useful, 
for the results were always quite close. In every test the yield of 
wax has been compatible with the melting point, thus making results 
particularly valuable for comparative purposes. No effort has been 
made to standardize the solvent method outlined above for use in de- 
termining the oil content of commercial paraffin wax. It has been 
found useful as-a method of analysis of oil-wax mixtures for 
research and plant control. : 


SUMMARY 


This paper reviews the methods now in general use for testing oil- 
wax mixtures and describes a new method, which depends on the rela- 
tive insolubility of paraffin wax in acetone for use in determining the 
oil content of oil-wax mixtures. 

The American Society for Testing Materials, paraffin-wax melting- 
point method has been found an accurate and satisfactory method of 
determining the melting point of commercial paraffin-wax or wax-oil 
mixtures of relatively low oil content; however, the method is 
unsatisfactory when the oil content is as much as 20 per cent. 

The most satisfactory method of determining the melting point of 
oil-wax mixtures, in which the oil content is 15 per cent or more, is 
the American Society for Testing Materials,-petrolatum melting- 
point method. 

The various experiments made in developing the use of acetone as 
a selective solvent for oil-wax mixtures showed the following inter- 
esting facts: 

The difference in solubility of commercial grade oil-free paraffin 
wax in acetone between 50° and 70° F. is only 0.3 per cent. 
For high-melting-point oil-free paraffin it is only 0.13 per cent, 
thus making any one temperature between these limits satisfactory 
for comparative testing. 

The quality or melting point of the paraffin affects the solubility 
more than does an increase of temperature between 50° and 70° F. 

The amount of oil soluble in acetone at 60° F. is from 5 
to 15 per cent, depending upon the nature of the oil. This solubility 
decreases until it is only 2 to 10 per cent when the temperature is re- 
duced to 50° F., making 60° F. a more suitable working tempera- 
ture for separation of oil-wax mixtures than lower temperatures. 

If the wax portion of a sample is crystallized out of acetone a 
second time, it is more nearly free of oil than any ordinary commer- 
cial paraffin wax. 
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The matter of obtaining a truly representative sample of an oil- 
wax mixture is very important. 

In testing oil-wax mixtures for their wax content, the wax portion 
has to be crystallized out of acetone a second time if its melting 
point is abnormally low. If the melting point of the wax portion 1s 
abnormally high the best procedure is to recover an additional crop 
of wax crystals from the oil portion of the separated sample by 
crystallizing it out of acetone a second time. 

The accuracy of the above method of analysis increases as the per- 
centage of wax contained in the sample or the melting point of the 
wax increases, 
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